Introduction {#sec1-1}
============

Cardiovascular disease (CVD) is one of the leading causes of death in India.\[[@ref1]\] The deaths due to CVD in India are more than 25% of all causes of mortality at present and are expected to contribute to more than half the cases of heart disease in the world within the next 15 years.\[[@ref2]\] Atherosclerosis of coronary vessels is the main pathognomonic mechanism responsible for CVD and efforts to reduce this provide an important therapeutic strategy to reduce mortality related to acute cardiovascular events. Elevated plasma cholesterol levels have been shown to be a major modifiable risk factor for atherosclerosis and thus presents an important point for intervention in primary prevention of CVD.\[[@ref3]\] Hydroxymethylglutaryl coenzyme A (HMGCo A) reductase inhibitors (statins) are well established as treatment for lowering low-density lipoprotein cholesterol (LDL-C) and reducing cardiovascular events.\[[@ref4]--[@ref6]\] Overall, these agents have a remarkable safety profile.\[[@ref6][@ref7]\] Atorvastatin, besides being among the most prescribed statins, has a longer effect half-life of 20--30 hours due to active metabolites.\[[@ref8]\] In India, therapy with atorvastatin in WHO-recommended dose\[[@ref9]\] may cost between \[![](IJPharm-44-362-g001.jpg)\] 150.00 and \[![](IJPharm-44-362-g001.jpg)\] 450.00 per month (approximately US\$ 3.00 to 9.00), and as for several other drug classes, is subject to variation.\[[@ref10]--[@ref12]\] The lower and middle income groups of Indian society are rapidly becoming major sufferers of CVD, causing loss of one quarter of DALYs due to all noncommunicable diseases\[[@ref13]\] and the economic burden of atorvastatin therapy may be substantial for this large section of population. Atorvastatin being a drug with long half-life, this study proposes that by using alternate-day doses of atorvastatin a significant LDL-C reduction may still be achieved, while reducing the total cost of treatment. Studies evaluating the effect and tolerance of alternative statin dosing are limited. A limited number of trials have demonstrated efficacy with alternate-day statin dosing including a few anecdotal case reports,\[[@ref14]--[@ref17]\] but till date no such trials have been conducted in India. The study reported here examines the effect and tolerance of every other day atorvastatin therapy in comparison to the established daily statin regimen in reduction of plasma LDL-C.

Materials and Methods {#sec1-2}
=====================

Prior approval of Institutional Ethics Committee was obtained before commencing the study. The sample size was calculated using the software WinPepi PAIRSetc Version 2.60.

Forty participants of either sex, all aged 18 years and above, were recruited for this prospective, open label, dual arm, crossover study.

The subjects were considered to be eligible for participation if they were diagnosed with hyperlipidemia, meeting the criteria for pharmacological treatment according to National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines.\[[@ref18]\]

The exclusion criteria included significant hypertriglyceridemia (\>400 mg/dl); abnormal serum ALT, AST; concurrent administration of immunosuppressants, azole antifungal agents, protease inhibitors; hypothyroidism; pregnancy/lactation; history of statin use within last 3 months or concurrent cholesterol lowering medication; prior sensitivity/intolerance to any HMG CoA reductase inhibitor; and patient with reported nonadherence to any lipid-altering agent in past.

Prior to participation to the study, voluntary informed consent was obtained from all participants in a prescribed format.

Baseline investigations for all subjects consisted of complete medical history with concurrent medication use, thorough physical examination including recording of height, weight, blood pressure and other vital signs; and laboratory reports including fasting (12 hours) plasma lipid profile, liver function tests with serum ALT and AST estimation, complete hemogram, fasting blood glucose, plasma urea and creatinine; 12 lead ECG and chest X RAY PA view.

All subjects were advised appropriate diet regimens based on NCEP step II diet. They were counseled about the probable adverse effects of atorvastatin including those on the hepatic and musculoskeletal system; and asked to contact the investigator in case they experienced any muscle pain/cramps, malaise, pale stool or dark urine.

After a run in-period of 2 weeks from screening, the subjects were randomly assigned to two groups. Group A received 20 mg of atorvastatin every alternate day while group B received the same dose of atorvastatin every day. Fasting plasma lipid profile was measured on the 6^th^ and 12^th^ weeks after which both the groups underwent a 4-week wash-out period. Starting from the 16^th^ week, group A was crossed over to everyday 20 mg atorvastatin therapy whereas group B to the same treatment every alternate day. The fasting plasma lipid profile was estimated again on 16^th^, 22^th^, and 28^th^ weeks. Serum ALT and AST were measured for both groups on 6^th^, 12^th^, 16^th^, 22^nd^, and 28^th^ weeks. Additionally serum AST, ALT and CPK were measured if any subjects complained of myalgia any time during the course of the study. All subjects were provided with a printed checklist and a pill-box to help assessment of compliance.

This study was approved and monitored by the Ethics Committee of R. G. Kar Medical College, Kolkata.

Due to crossover design, the statistical comparison was based on within-patient differences of the study parameters between daily and alternate-day dosing periods. No significant period effect or carry-over effect was observed after the washout and the results were pooled across the periods for classical analysis of the AB/BA crossover study.\[[@ref19][@ref20]\] Data between the two groups were compared using the unpaired *t*-test. All data were presented as mean ± SEM.

The GraphPad Prism Version 5 statistical software was used in data analysis and and a *P* value of \<0.05 was considered significant.

Results {#sec1-3}
=======

Two patients were lost to follow-up and were considered dropouts. A total of 20 patients in group A and 18 patients in group B completed the study.

The baseline characteristics of the study population like age, sex, mean weight, mean height, plasma lipid profile, and serum ALT and AST values are represented in [Table 1](#T1){ref-type="table"}.

###### 

Baseline characteristics of the patients
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As seen in [Table 2](#T2){ref-type="table"}, both the regimens significantly reduced total cholesterol, LDL-C, and triglycerides after 6 weeks and 12 weeks of treatment compared to baseline. Though daily therapy with 20 mg atorvastatin caused slightly more reduction of total cholesterol, LDL-C and triglyceride, the results were statistically not significant. Likewise, there was a comparable increase in HDL-C levels in both regimens at 6 and 12 weeks from baseline.

###### 

Changes in LDL-C, total cholesterol, HDL --C and triglyceride in the study groups
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As observed from [Table 3](#T3){ref-type="table"}, serum ALT and AST levels were comparable in both the groups at baseline, 6, and 12 weeks, with no significant elevation (\>3 times the baseline value) of the mean values of either enzymes at any point of study. However one patient on alternate-day therapy, when crossed over to daily atorvastatin therapy, complained of myalgia at second week which was associated with slight elevation of CPK above the reference value without any change in serum ALT or AST levels. The subject was subsequently shifted to alternate-day therapy and on repeat laboratory testing, the liver transaminase and CPK levels were again well within normal limits.

###### 

Changes in serum Alanine transaminase and Aspartate transaminase levels in the study groups
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In our study, per 20 mg tablet of atorvastatin had a cost of \[![](IJPharm-44-362-g001.jpg)\] 4.95. Therefore the cost of alternate-day therapy with the same for 12 weeks was \[![](IJPharm-44-362-g001.jpg)\] 207.9, accounting for a mean 38.37% reduction of LDL-C. The cost of treatment with daily atorvastatin for 12 weeks was \[![](IJPharm-44-362-g001.jpg)\] 415.8, accounting for a mean 43.5% reduction of LDL-C. Projecting the above data to yearly expenses, the cost of treatment with every other day atorvastatin is \[![](IJPharm-44-362-g001.jpg)\] 23.48/percent reduction of LDL-C/year compared to \[![](IJPharm-44-362-g001.jpg)\] 41.49/percent reduction of LDL-C/year with the daily therapy. This amounts to a savings of \[![](IJPharm-44-362-g001.jpg)\] 18.00/percent reduction of LDL-C/year with alternate-day atorvastatin therapy over the daily treatment regimen.

Discussion {#sec1-4}
==========

The results of the current study indicate that treatment with alternate-day dose of atorvastatin is comparably effective when compared to currently practiced daily atorvastatin therapy.

As evident from periodic liver enzyme estimations, we can say that alternate-day statin therapy is at least as safe as daily treatment regime. While there was one instance of myalgia, on daily atorvastatin treatment, alternate-day dosage of the same was well tolerated.

While our primary objective in this study was to compare the efficacy and safety of the two regimens, given a similar efficacy profile, prescription of the alternate-day atorvastatin doses in practice can greatly reduce the cost of therapy, bringing in some economic respite to already burdened consumers of such treatment.

Our study was not of requisite duration to evaluate the long-term benefits of alternate day statin therapy on cardiovascular profile as is applicable to the daily treatment schedule with atorvastatin from large RCTs.

All the participants of this study were selected from Medicine OPD and were treated on an outpatient basis; it is difficult to comment on whether the results of this study can be reasonably extrapolated to those requiring indoor treatment for more severe disease.

In conclusion, we can say that alternate-day treatment with atorvastatin has similar efficacy and safety compared to daily treatment with the same dose of drug; and thus is more cost effective taking into consideration the reduction in expenditure that is offered with scomparable treatment outcomes.
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